A displacement-sensitive capacitive probe technique was used in the first turn of guinea pig cochleas to examine whether the motion of the basilar membrane includes a displacement component analogous to the de receptor potentials of the hair cells. Such a "de" component apparently exists. At a given location on the basilar membrane, its direction toward scala vestibuli (SV) or scala tympani (ST) varies systematically with frequency of the acoustic stimulus. Furthermore, it appears to consist of two parts: a small asymmetric offset response to each gated tone burst plus a progressive shift of the basilar membrane from its previous position. The mean position shift is cumulative, increasing with successive tone bursts. The amplitude of the immediate offset response, when plotted as a function of frequency, appears to exhibit a trimodal pattern. This displacement offset is toward SV at the characteristic frequency (CF) of the location of the probe, while at frequencies either above or below the CF the offset is relatively larger, and toward ST. The mechanical motion of the basilar membrane therefore appears to contain the basis for lateral suppression. The cumulative mean position shift, however, appears to peak toward ST at the apical end of the traveling wave envelope and appears to be associated with a resonance, not of the basilar membrane motion directly, but coupled to it. The summating potential, measured concurrently at the round window, shows a more broadly tuned peak just above the CF of the position of the probe. This seems to correspond to the peak at the CF of the mechanical bias. As the preparation deteriorates, the best frequency of the vibratory displacement response decreases to about a half-octave below the original CF. There is a corresponding decrease in the frequency of the peaks of the trimodal pattern of the asymmetric responses to tone bursts. The trimodal pattern also broadens. In previous experiments the basilar membrane has been forced to move in response to a low-frequency biasing tone. The sensitivity to high-frequency stimuli varies in phase with .the biasing tone. The amplitudes of slow movement in these earlier experiments and in the present experiments are of the same order of magnitude. This suggests strongly that the cumulative shift toward ST to a high-frequency acoustic stimulus constitutes a substantial controlling bias on the sensitivity of the cochlea in that same high-frequency region. Its effect will be to reduce the slope of neural rate-level functions on the high-frequency side of CF.
lea. Moreover, it was qualitatively similar to the nonlinear behavior of the squirrel monkey (Robles et al., 1976) . The same study (LePage, 1981 ) also showed that the nonlinear behavior not only disappeared with death of the preparation, but that the input-output slope was correlated (p = 0.7) with the threshold of the compound action potential to tone bursts at the characteristic frequency (LePage and Johnstone, 198 la), suggesting that deafness was in some way tied to loss of the nonlinear behavior. This lead to more sensitive measurements of cochlear tuning, as in Khanna and Leonard (1982) , who showed sharper tuning at lower levels; while Sellick et al. (1982) duplicated the nonlinear picture developed using the capacitive probe and, using a more sensitive M6ssbauer technique, showed sharp tuning remarkably similar to neural tuning.
The most important aspect of the LePage ( 1981 ) study was that the nonlinear compression appeared to be mirrored in the baseline position of the basilar membrane. At that stage, the phenomenon was poorly understood, and the experimental design did not allow for a proper characterization of the baseline position; however, the data did carry the suggestion that significant baseline movements did occur, and over relatively short time spans.
The mechanical description and resultant models have remained restricted to the vibratory motion of the traveling wave (deBoer and Viergever, 1983; Allen et al., 1986). On the other hand, the sensory hair cells are sensitive to static mechanical deformation of the stereocilia (Flock, 1971; Hudspeth and Corey, 1977 ) so that any low-frequency component of basilar membrane motion, if it exists, must also be considered an adequate stimulus to the sensory cells. The sharp tuning of single neurons of the auditory nerve is primarily attributable to depolarizing dc receptor potentials of the inner hair cells (IHCs) (Russell and Sellick, 1978) , particularly for frequencies above 4 kHz where the mechanical tuning is sharpest.
While IHC depolarization must be attributable to some form of rectification, the exact nature of the rectifying mechanism is not known. Two potential mechanisms exist.
Hair cells themselves possess a nonlinear transfer characteristic (Hudspeth and Corey, 1977; Russell et al., 1986) , which may account for nonlinear rectification of vibratory displacements. However, at threshold levels, the vibratory excursions of the basilar membrane are only 0.35 nm (Sellick et al., 1982). Recent reports suggest that the sensitivity of mammalian hair cells may be much greater than the sensitivity of amphibian hair cells (Russell, 1985) , yet it would seem that threshold displacements are still too small (by one to two orders of magnitude) to account for the millivolts of depolarization of IHCs required to stimulate the nerve. For vibratory movements less than about 10 nm small signal conditions will apply (Russell et al., 1986, Fig. 5C ) and no net rectification will occur.
The second possibility (Russell and Ashmore, 1983 ) is that IHC alepolarization may be due primarily to a physical displacement of the cochlear partition from its mean posi- Reports from indirect, acoustic emission experiments (Kemp, 1978) show that the •mechanical properties of the cochlear partition are influenced by noise (Zurek and Clark, 1981 ) , injection of furosemide (Hubbard et al., 1986) , and electrical manipulations of the organ of Corti, either by efferent stimulation (Mountain, 1980; Siegel and Kim, 1982; Brown et al., 1983) or by passing current . It is likely, therefore, that the electrical depolarization produced by normal acoustic stimulation may produce a net mechanical displacement of the cochlear partition in ways yet to be fully described.
There appear to be at least four possible sources of force generation in the organ of Corti. All are associated with the OHCs. First, there is evidence of contractile proteins in the apical regions of the IHCs (Flock, 1980; Flock et al., 1982; McCartney et al., 1980) . Second is the possibility that the OHC stereocilia themselves may be able to generate an active force (Wiederhold, 1976; Weiss, 1982; Ashmore, 1985 ) , Third, Brownell et al. (1985) have observed OHC body motile behavior in response to changes in external electric fields by some electrokinetic process. The fourth possibility (Le- Page, 1981 Page, , 1987b ) is that one of the functions of the stria vascularis is to control the osmotic pressure in scala media so that effects such as a localized reduction in stereocilia stiffness, proportional to hair cell membrane potential, could produce a net movement of the cochlear partition. This also carried the implication that depolarizations in a small number of hair cells could control a large amount of potential energy in the form of changes in osmotic pressure. Such a scheme would be generally in keeping with the Davis model (1958) and would result in large changes in the baseline position of the basilar membrane, which would be transmitted to the inner hair cell stereocilia via the arches and tectorial membrane.
If the receptor potentials do have a mechanical correlate, it seems likely that their polarity will vary in some systematic way, which might correlate with the frequency and intensity dependence of the intracellular potentials (Russell et al., 1986) The data presented here were obtained using the same capacitive probe technique (LePage, 1987a) as the earlier study (LePage •ind , but with the specific objective of examining basilar membrane waveform responses to tone bursts in low threshold preparations. The data are consistent with the earlier finding (LePage, 1981 ) that mechanical baseline changes occur in response to highfrequency stimuli and give a number of clues as to their function.
I. METHODS
The results presented here are taken from a series of experiments employing 32 guinea pigs. Following anesthetization, the animals were paralyzed with Flaxedil to prevent middle ear muscle response to sound and were artificially respired. The Flaxedil was effective in eliminating visible movements of the ossicles due to contraction of the tensor tympani muscle. Perilymph was removed from scala tympani for the 2 min of data collection using gentle suction via a wick. The 100-/•m tip of the capacitive probe was located 2-3 /zm from the basilar membrane, about 3.5 mm from the base of the cochlea.
The stimuli were a set often digitally synthesized 12-ms tone bursts with 1-ms rise and fall times and repeated with a stimulus period of 27.7 ms. Each burst followed a 3-ms silent interval from the beginning of the period. The stimulus frequencies were set to be close to -2, -1, -0.5, -0.25, The two-channel analog sampling of the mechanical and electrical responses were interleaved on a 6.75-/•s time step. The response to every other burst was sampled synchronously with the stimulus period for 64, 144, or 400 repetitions and the average determined. In sampling 144 responses, each series of trials took about 2 rain to complete, or about 10 s per frequency. The capacitive probe amplifier was ac coupled with a time constant of 40 ms (LePage, 1987a). Consequently, in the resulting averaged records, consideration is given to three components of the displacement response in three different frequency ranges. The highest frequency range corresponds to the "ac" or vibratory component at the stimulus frequency.
Second, any "dc pedestal" or baseline offset response coincident with the tone burst, which appears in the final average, is plotted versus frequency. In each case, this value is the difference of the averaged values of the 222 sampled bins before the response and the 888 bins during the response. This procedure produces a further signal-to-noise improvement of ca. 20 dB so that, based on the baseline during the silent period, the effective noise level is ca. 0.01 nm. The vibratory amplitudes are obtained by computing the Third, there is consideration of any steady shift in the baseline response, which also appears in the final average due to frequencies in the response below the repetition frequency of the tone burst presentations. Such a component of the response constitutes an incremental shift of the mean position of the basilar membrane, which "summates" to a net value over the trial period of about 10 s. Due to the ac coupling of the capacitive probe signal at 4 Hz, the averaged responses do not retain absolute values of basilar membrane position. Instead, the average represents any behavior which sums over the stimulus period and is also referred to as the "long-term" component. All tones were delivered by a Beyer DT48 dynamic earphone at precorrected sound levels (dB re: 20/•Pa) at the tympanum, with the corrections derived from a sound calibration carried out at the beginning of each experiment. Sound levels in excess of 80 dB were mostly avoided since high sound levels have been shown to disable nonlinear mechanical behavior (LePage, 1981; Patuzzi et al., 1984a) . In order to keep track of the condition of the preparation, the N• threshold was determined for the fixed set often stimulus frequencies at about hourly intervals for the 3-to 5-h duration of the experiment. In addition to periodic audiometric determination of thresholds, the round window potential was recorded simultaneously with the mechanical measure- the result at the lowest frequency (4 kHz), suggesting that the low-frequency response to a tone may be accompanied by significant distortion. The most striking feature of these data, however, is the reduction in the second and third harmonics as the frequency approaches the foot of the high-frequency cutoff, the frequency at which, according to traditional traveling wave theory, the mechanical response changes from being stiffness to mass dominated. At this frequency the reactance terms cancel; this constitutes resonance, the appearance of which will strongly be affected by the value of the damping. In Fig. 7 , the reduction in second and third harmonic data is therefore consistent with a mechanical resonance at this frequency and not at the best frequency. In relation to the traveling wave envelope this frequency is located at the apical end of the envelope, and does not appear as a peak, suggesting that the resonance is not in the transverse plane of the measurement. Moreover, the top trace indicates that the zeroth harmonic (short-term dc component) undergoes a strong shift toward ST at the same frequency, about onesixth of an octave above the best frequency. The baseline shift at this frequency can be very large, and several examples have been seen where the shift was so large that the fluid covering the basilar membrane actually came into contact with the tip of the capacitive probe, indicating a shift of ca. 1 /tm. Such a large shift may be expected to alter the sensitivity of the capacitive probe, however, it is likely to increase it, so the reduction in amplitudes is likely to be underestimated. The resonance therefore appears marked indeed.
G. Results are not invalidated by draining procedure
The most readily available indicator of viable cochlear mechanisms is low neural thresholds. The curve which applies for a threshold of 36 dB (squares) also shows a greater tip-to-tail ratio consistent with less compression. Again, the maximum displacements represented by these curves are 0.2 nm, being similar to threshold displacements previously registered by Sellick et al. (1982) .
The dc picture corresponding to these curves is shown in Fig. 9(b) and (e) . The values of the offset pedestal are shown in Fig. 9(b) , 1987a) . Moreover, these summated shifts exhibit changing polarity at frequencies meaningful for the tuning process, whereas over a period of many minutes, electronic drift in the measurement system is generally monotonic. There is a good deal of variability which may be attributable to longer term drifts and other forms of noise, but the overall pattern appears similar across experiments carried out over a 2 month period.
I. Opposite directions of the short-and long-term "dc" components at CF
For frequencies about 1 oct below the CF, Fig. 9(b) again shows that the mechanical response of the basilar membrane to a tone burst exhibits an asymmetry toward ST. I,,,F,,,,,I,,,,,,,,,I,,,,,, quency is raised above the point one half-octave below the CF, the offset asymmetry is toward SV, and so is the mean displacement of the baseline. As the frequency reaches the CF, however, the offset is toward SV, but this appears to be accompanied by a pronounced movement of the baseline back toward ST. Above CF the offset asymmetry reverses toward ST again and the position of the baseline appears to swing again toward SV. These patterns vary in magnitude across the three animals, but, overall the offset displacement and baseline displacement patterns are preserved. The important point is that within the half-octave region associated with "active" behavior, there is a differential effect in the two displacements. This suggests that for every fast rnovernent toward SV, there is a slow sagging rnovernent of the baseline toward ST in the active region. An octave below CF both the asymmetry and the baseline shift tend to be toward ST, but, at CF the asymmetry and the mean position of the basilar membrane are in opposite directions. Furthermore, there is tuning in both the short-and long-term measures of the low-frequency mechanical response.
J. Response to a high-intensity tone
The usefulness of the round window potential recordings is twofold. They were necessary for determining the Arl threshold; hence the round window signal was high-pass filtered with a break point at 60 Hz and low-pass filtered at 600
Hz. 2 The potential measurements are also useful as a simple (9) The long-term mean position of the basilar membrane also varies systematically with frequency and the displacement appears to be tuned to a frequency which is just above the best frequency of the vibratory response. The amplitude of the vibration tends to be reduced in regions where the basilar membrane is displaced toward ST.
(10) The short-term component does not necessarily disappear with degradation of the condition of the preparation. Instead, as the best frequency of the vibratory response decreases and the curve broadens, the displacement appears to follow the same pattern and broaden.
( 11 ) There appears to be a resonance in the mechanical response at the foot of the high-frequency slope about onesixth of an octave above the best frequency, i.e., spatially, at the apical end of the traveling wave envelope. This is associated with a null in the second and third harmonics and often a large baseline swing.
(12) The pattern of the long-term baseline shift is very similar to that of the DIF component of the summating potential, with the maximum displacement toward ST coinciding with the negative peak in the SP, both at about one-sixth of an octave above the CF.
IV. DISCUSSION
The results of this study include what are believed to be the first direct measurements of waveforms of the basilar membrane motion in response to gated tone bursts, made possible through the high displacement sensitivity, speed, and wide linear range of the capacitive probe technique. These data suggest that in fresh guinea pig preparations with low hearing thresholds, the basilar membrane motion is not completely described by an "ac" traveling wave. Instead, the complete description should include specification of the behavior of the mean position of the basilar membrane since this exhibits systematic short-and long-term changes as a function of frequency.'Moreover, the size of the "long-term" baseline change may be quite large, much larger, in fact, than the vibratory component. This finding immediately overcomes the largest single obstacle to progress in understanding cochlear mechanisms, namely, that the motions of the basilar membrane at threshold are so small as to be undetectable by the inner hair cells. Further, the finding is more consistent with the purported existence of a cochlear amplifier (Davis, 1983) , whose output at high frequencies is a "dc" component.
A. Effect on threshold of draining scala tympani for the measurement A major area of concern is that draining produces a significant threshold loss (Robertson, 1974) . It has been demonstrated here, however, that while significant losses may occur, many records in the drained condition have been obtained with small threshold losses. Since thresholds raised by 30 dB were the major complaint with earlier uses of the capacitive probe, the low thresholds obtained in this study are regarded as a sufficient indicator that the (active?) mechanism responsible for the basilar membrane nonlinear behavior is functioning.
There has been some discussion (Khanna and Leonard, 1986a ) concerning damage to the cochlea occasioned by invasive measurements. The most important of the measurements reported here did not require significant preparation time; they were completed within 90 min ofanesthetizing the guinea pig. Low hearing thresholds were certainly not always achieved or maintained. However, the prime object of the study was to characterize active or electromechanical activity as a class of behavior discernable from the passive traveling wave. It was shown earlier (LePage, 1981 ) that, while neural threshold response remains below 65-70 dB SPL, some nonlinear compression is evident with the technique employed here. 
D. Correlation between basilar membrane position and vibratory amplitude
The most significant feature of Fig. 9 is the correlation which appears to exist between the magnitude of the ac component and the short-term position of basilar membrane. Shift of the basilar membrane toward ST appears to be associated with smaller vibratory amplitudes. The large mean shift of the basilar membrane for frequencies less than 12 kHz are associated with small amplitudes of the ac response in this region, as expected from previous studies. As the frequency increases above 11 kHz (one half-octave below BF) the abrupt swing of the mean position of the basilar membrane toward SV is associated with a rapid increase in the ac component. Likewise, as the frequency passes the CF, the SV shift is rapidly replaced by a second ST shift which can be very marked, coincident with the high-frequency cutoff and signs of resonance.
At first glance these data suggest that the nonlinear mechanism gives rise to a larger dc component with larger ac amplitude, suggesting the involvement of a rectifier located after the macromechanics which, for a larger ac component, produces a larger dc value which is coupled back to the basilar membrane. The importance of the frequency dependence of the "self-induced" bias is that it will produce vibratory sensitivity of the basilar membrane, which is also frequency dependent. Therefore, it seems highly probable that the self-induced biases control or modify the shape of the tuning curve. The shape of the ac tuning curve at normal sensitivity may be under tight control of the absolute transverse position of the basilar membrane. The data are internally consistent with the interpretation that the nonlinear compression or expansion, apparent in the ac response, is really a manifestation of this much more fundamental form of displacement control upon the local mechanical properties of the basilar membrane.
F. Consistency tests
If control of sensitivity by self-induced bias really exists, then certain features of the data must be consistent, e.g., the frequencies of peaks in the dc offset response should be aligned with the frequencies of maximal compression and expansion. Second, the frequency of the peak of the long-term component should correspond with the frequency of greatest modulation of the sensitivity of the neural tuning Curve.
Indeed, both requirements appear to be met. Earlier studies showed that the nonlinear compression is "tuned" to a frequency about 1/7 oct above the CF and extends by about 0.6 oct to lower frequencies; this finding is consistent with Rhode's data (Rhode, 1978; LePage, 1981) . Looking again at Figs. 9 and 11, a characteristic feature of the longterm shift is the large swing of the basilar membrane toward ST just above the BF. In Fig. 9(c) the values are greatest between the BF and about 1/5 oct above it. The actual shape of that peak is quite reproducible (see, also, Fig. 11 ) and a small increase in frequency causes a sudden increase in the magnitude of the displacement. A salient feature of the earlier study (LePage, 1981 ) was pronounced nonlinear expansion for frequencies 1/3 oct above the BF, in the "plateau" region. This feature has not been reported elsewhere and appears to have been captured by virtue of the wide dynamic range of the capacitive probe technique. In the current study it appears that the expansion may be attributable to movement of the basilar membrane toward S¾, reversing the compressive trend seen at the CF.
In regard to the second requirement, the neural bias study (LePage, 1981 ) coincidentally finds that the frequency of greatest influence on the neural rate-level functions is maximal at 1/7 oct above the CF, the frequency of highest slopes (Sachs and Abbas, 1974) . If movement toward SVis excitatory for the IHC, then the long-term baseline shift toward ST above the CF would result in a decrease in the slope of the rate-level functions for higher frequencies than the CF (LePage, 1987b), and therefore the sharpness of tuning. The shift to lower frequencies in the trimodal pattern seen in Fig. 5 indicates that a similar shift must be seen in the rate-level functions so that they will tend to fiatten for a lower frequency. Following this argument one step further, the large shifts toward ST below the CF might be expected to flatten the rate-level curves as well. Perhaps this is an indication of a correlate of hypersensitivity in the tails of neural tuning curves in the capacitive probe preparation?
In several data collection trials (e.g., Fig. 7 ) a huge peak occurred in the displacement toward ST above the frequency of the maximal ac response. In an earlier series of capacitive probe experiments using continuous tones, a repeated occurrence was the tendency for the air gap to be bridged rapidly by the fluid covering the membrane, short-circuiting the probe oscillator as the best stimulus frequency was ap- , 1981 ) , the ac response magnitude of the basilar membrane just above CF remained at a constant value above the noise level, i.e., input/output slopes of 0 (dB/dB) over a 45-dB range of intensities. The inference is that for frequencies close to CF, the magnitude of the ac component may remain nearly constant, and not just for the threshold condition for all sound levels up to 70 dB, as suggested by Sellick et al. (1982) . If, indeed, the compressive mechanism functions over such a substantial dynamic range, the probability of attributing this kind of behavior to a passive mechanism appears to be reduced. The mechanical data are consistent with the concept of a feedback loop which simultaneously achieves signal compression over a wide dynamic range of possible sound levels, while for any fixed "state" the cochlea transduces small signals linearly. This is essentially the description of an agc mechanism, such as used in radio receivers in which a dc signal is derived from the output of the detector and applied as negative feedback to control the gain of the input stage amplifier before the detector. The analogous situation proposed here is that adc feedback control signal is derived from the mean position of the basilar membrane.
G. Effect on
The behavior of such a sensitivity control mechanism in response to acoustic stimuli may appear highly complex. The behavior of agc systems is determined not just by the components of the system, but also by the nature of the stimulus itself, in this case whether the stimulus is noise or tonal and whether it is continuous or discontinuous. If discontinuous, the temporal nature of the stimulus may be very important since there will be changes in effective sensitivity with the onset and offset of each burst which will appear as adaptation in the overall response. A second characteristic of agc systems is that if dc conditions stabilize, the system will appear to transduce the small ac signals linearly. Such an interpretation would be consistent with reverse correlation Studies in which responses of the auditory nerve appear linear (deBoer, 1969; Evans and Wilson, 1973) . Otherwise, level-dependent nonlinearities will not only be apparent, but will be difficult to characterize without proof that the ac sensitivity in the feedback loop is a function of the dc conditions at the output of the loop.
I. Two-tone suppression
The results suggest that the mechanical motion of the basilar membrane actually contains the basis for lateral suppression in the cochlea directly, obviating some of the need for Brkrsy's forearm model ( 1960, p. 550ff. ) 
J. Summary
In terms of the experimental design objectives expressed by LePage (1987a), these data are preliminary only. However, it would appear that the basilar membrane baseline displacements may be evidence of a graded OHC electromechanical response which results in a self-induced bias. If so, the mean position of the basilar membrane is itself a highly controlled parameter ofcochlear function. Moreover, it may be modified in temporary threshold shift and disturbed in conditions such as endolymphatic hydrops.
The apparent dependence of the magnitude of the vibratory magnitude on the amplitude and polarity of the selfinduced bias suggests that a motile response may have an important role in establishing nonlinear compression in the mechanical response, and thereby on the threshold sensitivity in the neural tuning curve. These findings need more detailed study; however, they are more consistent with a hypothesis of sensitivity control than any other data so far advanced. This is because these data have been obtained by The results strongly suggest more than one mode of motion of the basilar membrane. There is the traveling wave, or vibratory component; a baseline variation which is near instantaneous with the onset of an acoustic stimulus; plus a longer-term change in the mean position which appears to be an analog of the summating potential. Moreover, the ST shift above CF appears to be associated with a pronounced resonance. However, the resonance does not appear as a peaking in the magnitude of the transverse vibration of the basilar membrane. This suggests that the resonant mode may be elsewhere in the eochlear partition but is coupled to the transverse motion of the basilar membrane. Perhaps it is normal (e .g., longitudinal) Note added in proof.' Much of the inherent difficulty throughout these capacitive probe studies has been due to suspecting that the nonlinear behavior of the basilar membrane was a sign of a second mode of motion, before motile behavior had been conclusively demonstrated in outer hair cells, and before the possibility of a major artifact was ruled out. The difficulty was compounded by the lack of adequate terminology to describe the second mode of the motion. It is at very least highly simplistic to portray the two components of the motion as being "ac" and "de," but these terms have the advantage of being terse and do provide an initial conceptual grasp of the data.
The problem with ac and dc are these terms describe electric current flow, yet they are being borrowed for describing mechanical displacement. Also, de strictly means a zero frequency component. It is clear that the long-term component does not have a steady value, so that it really constitutes a rate of change of position, or a velocity. Therefore, the term "de displacement" is inappropriate on three counts, while the term "quasistatic" to describe the second mode is at best vague. It is not yet clear to what extent the long-term variation is repetitive, so the term "low-frequency" is no more elucidative. Moreover, the terms "zero-frequency" or "low-frequency" derive from linear systems theory and became inapplicable once the compressive nonlinearity was established. The term "drift" is likewise misleading because it carries the strong connotation of being monotonic and artifactual, which the component clearly is not.
Hence, the long-term component is described as a "summating baseline shift." While it appears to be an analog of the summating potential, it is presumptive to conclude that it is, until the similarity of temporal characteristics of both electrical and mechanical phenomena is fully established. As suggested in the first of these papers (LePage, 1987a), the resolution of these difficulties can probably be obtained only after recognizing that, as with all nonlinear systems, no general method of analysis applies. Each nonlinear system requires individual consideration. In the case of the motion of the mammalian basilar membrane, it seems necessary to assume a provisional origin for each mode in order to find terms which adequately describe it. The traveling wave was originally described in the cochleas of cadavers so it is a passive response. There now exists a strong precedent that the second mode of the motion is indeed a motile response due to the outer hair cells. At this stage therefore, it seems no less appropriate, and a good deal more accurate, to denote this phenomenon as a motile response rather than a "de component." This study therefore developed the concept that the active response may be distinguished from the passive response not just on the basis of its physiological vulnerability, but also on the basis of available temporal and amplitude characteristics of the motile response of the outer hair cells. Second, investigation required the application the capacitive probe with its unique set of advantages. Third, the experimental procedures established the exacting conditions for which active and nonlinear behavior has been previously shown. The resulting data appears to have demonstrated the basic form of the motile response in oivo as a function of frequency.
